MINIMUM EFFECTIVE DOSES
Standards for the microbial quality of water should increase closer to harvest maturity and as produce moves from the field to final processing. However, excessive treatment, particularly hyperchlorination (use of high levels of chlorine), has several known and potential negative effects on product sensory quality, the environment, and human health. Water treatment should be managed with the goal of minimizing the effective dose of sanitizer used for microbial disinfection. Minimum effective doses are typically represented as the product of Concentration ( C ) and Time of exposure (t), or C t . Following the same principles, the term disinfection hurdle ( Dh) can be used to help guide water quality management. The disinfection hurdle is the minimum point at which there is enough free active disinfectant available to neutralize microbial activity to an acceptable level.
CHLORINE AND HYPOCHLORITE (BLEACH) TREATMENT
Ease of use and relative low cost make hypochlorite (usually liquid sodium hypochlorite) a very common water disinfectant in the produce industry. The antimicrobial activity of chlorine compounds depends largely on the amount of hypochlorous acid (HOCl) present in the water after the treatment is applied. This, in turn, depends on the pH of the water, the amount of organic material in the water, and, to a more limited extent, the temperature of the water. Above pH 7.5, very little (<50%) chlorine can exist as active HOCl while most becomes inactive hypochlorite (OCl -). With very long contact time, OCl -does have some antimicrobial activity but would not be expected to result in beneficial control in typical postharvest handling systems. Below pH 6.0, noxious chlorine gas (Cl2) is formed and does not serve as an effective water disinfectant. Of the many possible forms of chlorine, HOCl is the most readily transferred across a microbial cell wall to begin the killing process. Thus, in the management of chlorine, it is important to maximize HOCl concentrations and minimize all other forms of chlorine. It is highly desirable to keep the pH of the water between 6.0 and 7.5 to ensure adequate HOCl activity without the formation of chlorine gas, which can lead to health problems for workers and more corrosion on equipment.
The amount of HOCl needed to maintain the most active antimicrobial action depends on several dynamic factors. Chlorine is very reactive, combining with almost any oxidizable material to form secondary compounds. The amount of chlorine needed for disinfection of water depends not only on the pH but also on the amounts and kinds of inorganic (particularly ammonia, nitrites, iron, and manganese) and organic (particularly amino acids and simple proteins) substances present in the water. Because chlorine is rapidly used up by organic and inorganic molecules in wash water, a minimum level of total chlorine, the chlorine demand, ( g e n e rally influenced by soil, plant "trash," and exudates from cut surfaces) must first be satisfied in the water before sufficient amounts of free available chlorine can kill microorganisms. The treatment times of fruits and vegetables are usually very short. To minimize the potential for excessive chlorination at peak chlorine demand, it is important to periodically replace or filter the water and blend it with potable water.
CALCULATING REQUIRED HOCl ADDITIONS
In clean water, very low levels of HOCl kill most bacteria and some viruses. Approximately 1 minute with 1 to 2 parts per million HOCl should be sufficient contact time. As water quality decreases and complexity increases, contact time or concentration must increase to maintain adequate microbial kill. Because contact times during postharvest handling are usually determined by product flow requirements, it is the concentration of the added disinfectant that is adjusted. Effective concentrations of HOCl (or other forms of chlorine) should ideally be determined by microbial testing within each system. Water quality management is often perceived as a time-consuming and costly activity; however, it is strongly recommended that it receive a high level of attention.
As a starting point, the calculations below can be made to determine the minimum concentration of free available chlorine as HOCl in wash or cooling water that is needed to kill free-floating pathogenic bacteria and viruses. The calculations are based on an adaptation of tables that were developed to achieve potable water quality standards in treated water. Use table 1 to calculate the target measured concentration of HOCl and match it with the contact time of the system to establish the effective dose.
Example
Based on the contact time of the system, calculate the HOCl concentration necessary for an effective dose. For washing and cooling, the system has a 5-minute residence time ( t ) , and the water has a pH that is constant around 7.5 to 7.8 without adjustment when product is running through the system. The water temperature is maintained at 34° to 38°F (1.1° to 3.3°C). The table shows that the disinfection hurdle, Dh, is 20. Using these known values in the following equation, solve for C , the minimum HOCl concentration.
Using this result, free available chlorine can be measured using a titration kit or colorimeter specific for free available chlorine. At pH 7.8 and 34° to 38°F (1.1° to 3.3°C), only 50 percent of the measured free available chlorine, by the commonly used methods, is in the desired HOCl form. Therefore, a minimum reading of 8 parts per million is needed to hit the targeted disinfection hurdle.
It is easy to see the impact of water pH on C. In the same example, adding citric acid to maintain pH 7.0, C = 2.75 parts per million (HOCl is 87% of free chlorine at pH 7.0). It is common for pH to increase to 8.5 during hypochlorite treatment, resulting in C = 41 parts per million (HOCl is 17.5% of free chlorine at pH 8.5).
It is important to remember that test kits for measuring free available chlorine are only suitable for concentrations of up to 4 parts per million. It is necessary to dilute any treated water with distilled water to bring it into a measurable range and then to multiply the result by the dilution factor. Typical dilutions are 1:10 although a dilution of 1:100 may be necessary where concentrations of disinfectant are high due to the increased importance of controlling fungal spores. Always follow the instructions provided by the test kit s u p p l i e r .
It is easiest to adjust and standardize water pH to 6.5 to 7.0, causing the majority of free available chlorine to convert to the HOCl form. Consulting a second table of pH and temperature then becomes unnecessary. Measurements of HOCl in water may also be adequately determined by using a calibrated ORP (oxidation reduction potential) sensor. As in the first example, 4 to 6 parts per million HOCl typically gives a sensor reading of 725 to 750 millivolts. GLOSSARY OF TECHNICAL TERMS Antimicrobial activity. The effectiveness of a sanitizer or disinfectant in killing microorganisms.
C o r r o s i v e. The capacity of an element to weaken or eat away at equipment, especially metal.
D i s i n f e c t i o n.
The act of adding or applying a sanitizer to kill microorganisms that cause decay in produce or illness in humans.
Disinfection hurdle. A descriptive concept term that symbolizes the minimum effective exposure to achieve microbial kill. Disinfection is one of several hurdles in a prevention, reduction, and contamination control pro- 
